SUMMARY A method is described for the simultaneous measurement of flow rate, mean transit time, and volume of the intestine during the transport of fluid through a segment of the small intestine of the dog.
The pharmacological actions of metoclopramide (N-(diethylaminoethyl)-2-methoxy-4-amino-5-chlorobenzamide) were described in 1964 by JustinBesanQon and Laville, 1964a and b; Justin-Besanqon, Laville, and Thominet, 1964) . They found that this compound stimulated gastrointestinal smooth muscle and was a potent anti-emetic. Further animal studies by Jacoby and Brodie (1967) did not reveal any of the general parasympathomimetic activity usually associated with agents which increase intestinal motility, suggesting that metoclopramide acted by direct stimulation of intramural cholinergic neurones.
Earlier studies on the effect of metoclopramide on small intestinal motility have been confined to analysis of intraluminal pressure changes or to estimates of transit time by radiological techniques (James and Hume, 1968) . Neither method provides a direct measurement of movement of intestinal contents. The present study had two purposes. The first was to evaluate a dye dilution method described by Dillard, Eastman, and Fordtran (1965) for the simultaneous measurement of flow rate, transit time, and intestinal volume in the jejunum. The second was to investigate the effect of metoclopramide on small bowel motility measured by the dye dilution method.
METHOD
The following method of perfusing a segment of jejunum was employed in three conscious dogs.
OPERATION TO ESTABLISH PERFUSION CIRCUIT A doublelumen tube (Fig. 1 ) was inserted through a metal gastrostomy cannula so that the distal opening of one lumen (for perfusion) lay at the duodeno-jejunal flexure and the opening of the other lumen (for injection of dye) lay 15 cm distal to this.
Then 60 cm of small intestine was measured distal to the tip of the double-lumen tube. The jejunum was transected at this point and re-anastomosed end to side, with the distal open end of bowel fixed to a second metal cannula brought out through the abdominal wall. In this way, a small Roux loop was constructed. Then, bypassing a small Foley catheter through the jejunal cannula, inflation of the bulb occluded the lumen of the distal Effect of metoclopramide on transport in the small intestine of the dog jejunum and allowed collection of virtually all fluid passing along the proximal jejunum.
PERFUSING SOLUTION This consisted of an isotonic electrolyte solution containing 1 .25 % mannitol (to inhibit net water absorption), 1 % polyethylene glycol (a non-absorbable marker), and sodium chloride to bring the osmolarity to 290 milliosmols per kilogram of solution.
Polyethylene glycol was included in the solution so that the degree of concentration or dilution of the perfusing solution in the intestinal segment could be measured and an average flow rate at the distal collecting site determined by calculations independent of those made from the dye dilution curves (see below).
PERFUSION EXPERIMENT Starting three weeks after operation the following perfusion experiments were carried out with each dog in a Pavlov stand. All experiments were done after an overnight fast.
Perfusion of the isotonic solution at a rate of 14 mI/min was commenced through the perfusion lumen of the double-lumen tube until a steady collection from the jejunal cannula was obtained, usually within 30 to 45 minutes. After reaching this 'steady state', 1 ml containing 50 mg of a non-absorbable dye, bromsulphthalein (BSP), was injected instantaneously through the injection lumen of the double-lumen tube. Collections of effluent from the jejunal cannula were then made at one-minute intervals, by simple gravity drainage into a container, for a total of 30 minutes. Metoclopramide or saline in equal volumes was injected intravenously during the first few seconds of the perfusion period.
CHEMICAL ANALYSIS (1) The concentration of BSP in each one-minute sample was measured spectrophotometrically after alkalinization of appropriately diluted samples of intestinal fluid. (2) The polyethylene glycol content of the pooled samples was measured by the method of Hyden (1955) . CALCULATION Dye dilution curves (Fig. 2) were constructed from the results of the BSP estimations using the method described and interpreted in a publication by Zierler (1958) . The area under the curve, expressed in units of concentration (mg per ml) multiplied by time, was calculated.
The flow rate (the volume of fluid passing a point in the intestine per unit time) at the collection site is equal to the amount of BSP (mg) APPLICATION OF METHOD Using the method described, the effect of metoclopramide on the flow rate, transit time, and intestinal volume was measured.
Beecham Research Laboratories supplied two sets of identical ampoules marked 'A' and 'B', each labelled as containing metoclopramide 10 mg/2 ml. Only one set, unknown to the observer, contained metoclopramide and the other contained normal saline. When the project had been finished the code was broken: ampoules 'A' contained metoclopramide and ampoules 'B' saline.
In each dog the effects of an intravenous injection of drug A, drug B, and an equal volume of saline on small bowel motility, were measured. In a previous study by Hakuhara, Nakayama, Fakuda, Siina, and Neya (1966), using a Thisry-Vella fistula as the experimental model, the optimal intravenous dose of metoclopramide appeared to be of the order of 1 to 5 mg/kg body weight. In the present study 1.5 (Fig. 2) . However, the areas were almost exactly equal, confirming the similarity of flow rates at the collection site.
DISCUSSION
The method described to measure flow rate and volume interrelationships in the small intestine is identical in principle to the Stewart-Hamilton technique for measuring cardiac output (Dow, 1956 (Dow, 1956) . Invalid curves can be recognized by the absence of an exponential fall off in dye concentration. The results of our study indicated that the method can be used to give a satisfactory measure of transit, flow rate, and volume in a segment of small intestine. We incorporated a second non-absorbable dye (PEG) in the test solution in order to check the validity of using bromsulphalein. Although the results using BSP gave a slightly higher value for flow rate than did PEG, the correlation between the results with two materials was very high. Since PEG was measured only in pooled samples, calculations of transit time could not be made using this material. However, because the correlation between the PEG and the BSP results was high, the BSP results could be used to assess the effect of drugs on the variables measured.
Metoclopramide resulted in a decrease in the mean transit time and volume of the perfused segment of intestine, while the flow rate remained unchanged. The decrease in volume of the perfused segment could be due to a decrease in bore or length, or both. These results are compatible with the study in vitro by Eisner (1968) , in which metoclopramide resulted in contraction of both longitudinal and circular strips of human small intestine.
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